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SPECIFICATION 

Semiconductor Material and Semiconductor device using 
the Same 

Technical Field 

[0001] The present invention relates to a semiconductor 
material and a semiconductor device using the same, and 
more particularly to a transparent p-type semiconductor 
having a low resistance which is formed of ZnSe or ZnS 
or these mixed crystal and can easily form an ohmic 
contact to an electrode, and a semiconductor device and 
a semiconductor light emitting device which use the same. 

Background Art 

[0002] ZnS and ZnSe semiconductors have band gaps of 

approximately 3.7 eV and 2.7 eV respectively where 

attention has been given to them as so-called wide gap 
semiconductors with being developed vigorously as 
optoelectronics light emitting materials having colors 
ranging from blue to green (a compound semiconductor 
containing the ZnS and ZnSe semiconductors as main 
components will be hereinafter referred to as a ZnS type 
semiconductor) . 

[0003] The semiconductors of this type with an n type 
can be fabricated relatively easily, however, it is hard 
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to have a low resistance with a p type. For this reason, 
various technical developments have been attempted. A 
technique using nitrogen (N) as a dopant has been utilized 
for causing ZnSe to have the p type. As described in 
Patent Document 1, this is a technique for simultaneously 
irradiating a nitrogen (N) radical to a film and 
introducing N into the lattice to obtain p-ZnSe during 
the formation of said film through an epitaxial growth 
using an MBE (molecular beam epitaxy) method in which 
a single crystal of ZnSe or GaAs is employed as a substrate. 
The MBE method is a film forming technique in which a 
high degree of vacuum is indispensable, and a radical 
source controlled precisely is indispensable to the 
efficient generation of the N radical. For these reasons, 
there has been an industrial problem in its productivity . 
Moreover, it has been - report ed that the -upper limit of 
a carrier concentration of ZnSe based on N is 10 cm 
(Non-Patent Document 1). Therefore, a resistivity is 
somehow still insufficient for an application to a unit, 
and a material having a lower resistance and an excellent 
p-type semiconductor characteristic has been desired 
under present conditions. 

[0004] Moreover, there is a problem in that it is 
impossible to form an ohmic contact by using an electrode 
metal because the carrier concentration of the p-ZnSe 



is not sufficiently high under the present conditions. 
For this reason, conventionally, there has been employed 
a technique for forming a multiquantum well (MQW) 
structure using ZnTe which can easily form a p type and 
a low resistance between an electrode metal and p-ZnSe. 
However, there is another problem in that a lattice defect 
is increased during an operation by the generation of 
Joule heat in this structure and an electrical resistance 
is thus increased to cause a deterioration in a unit 
(Non-Patent Document 2) . Since the ZnTe is a substance 
having a band gap of 2.3 eV, therefore, it has a great 
light absorption for a light having a wavelength of 540 
nm or less. For this reason, there is a problem in that 
a high extraction efficiency (light emission efficiency) 
cannot be expected in a light emitting device for emitting 
a light in - a shorter- wavelength than- the wavelength 
region . 

[0005] ZnS is a material which has a lower valence band 
top energy than ZnSe and is harder to have a p-type low 
resistance than ZnSe. A stable fabricating technique 
for obtaining p-ZnS has not been developed yet. For this 
reason, a resistivity can be reduced to 10 2 Qcm at most 
and is entirely insufficient for a unit application under 
the present conditions. 

[0006] Conventionally, it has been reported that deep 
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acceptor levels of approximately 1250 meV and 650 meV 
are formed respectively when Cu is doped to ZnS and ZnSe 
(Non-Patent Document 3) . It has not been scrutinized yet 
that these materials are caused to have a low resistance 
by the dopant of Cu. A thermal energy at a room 
temperature is approximately 26 meV. For this reason, 
the activation of a carrier from such a great level cannot 
be expected at all. 

[0007] In the situations described above, a Cu dopant 
concentration being conventionally scrutinized is 
10 19 cm" 3 (corresponding to 0.05 at% or a = approximately 
0.001) at most. It has been known that Cu forms a deep 
acceptor level in ZnS and ZnSe as described above. An 
activation ratio of a carrier estimated from the acceptor 
level position (a ratio of a carrier concentration to 
an doped Cu concentration) is 10" 5 -at mos-t or -less -than- - . 
that at a room temperature. For example, a carrier 
concentration obtained in the case in which Cu is doped 
in a concentration of 10 19 cm" 3 (corresponding to 0.05 at% 
or oc = approximately 0.001) is 10 14 cm" 3 , and a carrier 
concentration which is obtained is estimated to be 10 16 
cm" 3 at most even if Cu is doped in a concentration of 
10 21 cm" 3 (corresponding to5at%ora = approximately 0.1). 
Therefore, it has been supposed that a practical 
electrical characteristic cannot be obtained at all. 
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[0008 ] In recent years, moreover,, the formation of a 
unit on a glass substrate or a plastic substrate has been 
an important issue in the field of a semiconductor light 
emitting device. Correspondingly, the application of an 
amorphous phase or a polycrystalline phase has also been 
required for an electrode layer and an active layer. 
However, a conventional ZnS based p-type semiconductor 
material has been indispensable to be a single crystal 
material or an epitaxial growth film. In particular, a 
single crystal of ZnS or ZnSe has been used as a 
homoepitaxial substrate, and a single crystal of GaAs 
or Si having a similar crystal structure and a small 
difference in a lattice constant has been used as a 
heteroepitaxial substrate. A high temperature of 300°C 
or more has been required for the temperature of a 
•substrate - in -the formation of- these- -epitaxial growth- 
films . These are requirements for fabricating an 
epitaxial film having few defects and high quality . More 
specifically, the characteristic of a p-type 
semiconductor has been first obtained for a single 
crystal having few defects and high quality. For this 
reason, it is necessary to raise a film forming 
temperature. On the other hand, in the case in which 
these materials are set to be a polycrystalline phase 
or an amorphous phase, a lattice defect generated in a 
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grain boundary or a lattice defect induced to a lattice 
strain is introduced. As a result, there is caused a 
hindrance that a carrier is trapped into these lattice 
defects. For this reason, the activation of a dopant is 
suppressed so that it is impossible to obtain a low 
resistance material which is excellent. In such a 
situation, there has not been made a trial of utilizing 
the ZnS based p-type semiconductor material in a 
configuration other than the single crystal or the 
epitaxial film . 
[0009] 

Patent Document 1 : Patent No. 3078611 (Patentee 
Minnesota Mining & Manufacturing, University of Florida) 
Non-Patent Document 1 : Journal of Crystal Growth, vol. 
197(1999), pp. 557-564/W. Faschinger 

-Non-Patent Document 2 : Journal -of- Crystal -Growth,- -vol . - 

214/215(2000), pp. 1064-70/A. Katayama et al . 
Non-Patent Document 3 : Optophysical Property Handbook 
(Asakura Bookstore, 1984) pp. 182-185 

Disclosure of the Invention 
Problems to be Solved 
[0010] 

Under the circumstances, a p-type low resistance 
has not been implemented by the dopant of Cu as an additive 
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to a ZnS based semiconductor such as ZnS or ZnSe. A Cu 
dopant concentration which has conventionally been 
scrutinized is 10 19 cm" 3 at most (corresponding to 0.05 
at* or a = approximately 0.001). In such a situation, 
as described above, there has been the following 
background, that is, 

1. there has been known that Cu forms a deep acceptor 
level in the initial stage of a development, and 

2. there has been known a so-called luminance 
saturation in which a light emission efficiency is 
considerably deteriorated at a Cu dopant concentration 
of 0.01 at% or more in ZnS having Cu doped thereto, and 
a region having a higher Cu concentration has not been 
interesting as an optoelectronics material. 

In the above situation, an electrical 
characteristic in a- higher Cu concentration- region has - 
not been scrutinized in these materials, and it is very 
hard to obtain a p-type semiconductor having a low 
resistance, particularly, a p-type ZnS based 
semiconductor having a low resistance in such a manner 
that it can be used as an electrode. 

In consideration of the actual circumstances, it 
is an object of the invention to provide a p-type ZnS 
based semiconductor material having a low resistance 
which can easily be fabricated and can readily form an 



ohmic contact to a metallic material. 

Moreover, it is an object of the invention to 
provide a semiconductor device and a semiconductor light 
emitting device which include an electrode having a low 
resistance on a substrate other than a single crystal 
substrate, for example, a glass substrate. 

Means for Solving the Problems 

[0011] In order to solve the problems, a semiconductor 
material according to the invention is formed by a Cu 
doped p-type ZnS based semiconductor material. 
[0012] In the semiconductor material according to the 
invention, moreover, the ZnS based semiconductor 
material includes a semiconductor material expressed in 
a composition formula of (Zni- a -p-YCUaApB Y Si. x -ySe x Tey) 
(0.004- -£-a 0-.-4, ^ 0.2, y = 0.2, 0- ^ x ^ 1 -, - 0 ^ 
y ^ 0.2, and x + y ^ 1, A and B are elements selected 
from Cd, Hg and alkaline earth metals) . 

[0013] Furthermore, the semiconductor material 

according to the invention includes the semiconductor 
material having the composition formula in which A is 
Mg and B is Cd . 

[0014] A semiconductor material may be ZnS, ZnSe or 
these mixed crystal material. The essence of the 
invention is as follows. More specifically, it has been 
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found that a large amount of Cu is doped to ZnS, ZnSe 
or these mixed crystal which has conventionally been 
impossible. Consequently, it is possible to form a 
p-type semiconductor having a low resistance which cannot 
be estimated in the conventional art. 

The inventors found that a ZnS based material is 
changed into the p-type semiconductor having a low 
resistance when a Cu dopant concentration a is set to 
be 0.004 to 0.4 (0.2 to 20 at%). A material subjected 
to such a dopant exhibits a p-type low resistance 
semiconductor characteristic having a volume, 
resistivity of lOQcm or less also in a single crystal, 
polycrystal or amorphous phase. Moreover, a strong 
absorption is not generated in a visible region. For 
this reason, a transparent property is rarely changed 
•in a base material which is used, that is-,- a ZnS based 
material which is not doped with Cu . There has not been 
found a ZnS based material which has a transparent 
property in a visible region and is a polycrystal, and 
has a low resistivity. The details of the reason why such 
characteristics are obtained are unknown. However, it 
can be supposed that a distance between Cu and Cu is 
reduced by an increase in a Cu concentration and an 
interaction is thus generated between Cu and Cu to newly 
form an electron level in the vicinity of the top of a 
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valence band of the ZnS based material . For this reason, 
it can be supposed that such electrical characteristics 
which are not found at all in a low concentration region 
are generated in a region having a high Cu concentration. 
[0015] The semiconductor material according to the 
invention can easily form an ohmic contact to a metal 
having a large work function such as Au, Pt or Pd as well 
as a metal having a smaller work function such as Al or 
In. 

The reason is that a carrier concentration is very 
high. Furthermore, it is possible to form an ohmic 
contact to ITO (Indium tin oxide) , ZnO, Ga 2 0 3 or Sn0 2 which 
is a transparent conductor. Conventionally, there has 
been employed a technique for forming a mult i quantum well 
(MQW) structure using ZnTe which can easily have a p-type 
• low resistance between an electrode metal and- p-ZnSe in 
N-doped p-ZnSe (Non-Patent Document 1). On the other 
hand, the semiconductor material according to the 
invention has an excellent characteristic in that it is 
possible to easily form an ohmic contact to various wiring 
materials to be used generally as described above. 
[0016] In addition to the single crystal phase, the 
polycrystalline phase or the amorphous phase has low 
resistance p-type electrical conducting characteristics. 
For this reason, it is not always necessary to use a film 
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forming technique in an ultrahigh vacuum such as MBE for 
fabrication. For example, it is also possible to carry 
out the fabrication by utilizing a simple evaporating 
apparatus (for example, a degree of vacuum of 
approximately 10" 5 Torr), for example. Moreover, an 
epitaxial growth is not required. Therefore, a crystal 
structure and a lattice constant are not restricted in 
the selection of a substrate to be utilized as a film. 
Consequently, it is possible to carry out the fabrication 
over a single crystal substrate, a polycrystal substrate 
or a glass substrate having a different crystal structure 
and lattice constant. Moreover, the fabrication can 
also be carried out at a substrate temperature of 
approximately 150°C or less. Therefore, it is also 
possible to utilize a plastic substrate formed by a 

material- which -is -resist ant to the - tempera t-ure-. - 

[0017] TheCu dopant concentration a is 0.004 to 0.4 (0.2 
to 20 at%), and desirably, 0.02 to 0.24 (1 to 12 at*). 
When the Cu dopant concentration oc is equal to or lower 
than 0.02 (1 at?) , a resistivity tends to be slightly 
increased. In the case in which the Cu dopant 
concentration a is equal to or lower than 0.004 (0.2 at%), 
the resistivity is rapidly increased to 10 6 Qcm or more 
and a utility is poor. When the Cu concentration a is 
higher than 0.24 (12 at%), a transparent property in a 
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blue wavelength region tends to be slightly lowered. In 
the case in which the Cu dopant concentration a is higher 
than 0.3 (15 at%) , it is supposed that Cu exceeds a solid 
solution limit to ZnS and ZnSe and another phase such 
as CuS, Cu 2 S or CuSe is generated in manufacture so that 
a homogeneous material cannot be obtained. In this case, 
moreover, the electrical characteristic of a low 
resistance p type can be held and CuS, Cu 2 S or CuSe has 
a great light absorption in a visible region so that there 
is a problem in that a transparent property in a visible 
light region cannot be obtained. 

[0018] Furthermore, the transparent property in a 
substantially visible region is rarely changed in the 
base material which is used, that is, ZnS or ZnSe which 
is not doped withCu, or a mixed crystal of these materials. 
In the case of an application to a semiconductor light 
emitting device in a visible region, therefore, a 
transparent property can be obtained by using the 
material for a hole injecting electrode. Consequently, 
the material is very excellent in that a high light 
extraction efficiency can be desired. 

As in a conventional ZnS based semiconductor, other 
elements, that is, Mg, Cd, Ca or Hg in the form of Zn 
substitution and Te in the form of S and/or Se 
substitution can be introduced into the Cu doped p-type 
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ZnS based semiconductor material according to the 
invention by setting approximately 20% as an upper limit. 
The essential features of the invention can be prevented 
from being damaged by the introduction of these elements . 
By the introduction of these elements, it is possible 
to regulate a resistivity, a band alignment, a 
transmission wavelength region and a refractive index. 
By the introduction of Mg, Cd, Ca or Hg, it is possible 
to bring a conduction band bottom energy position upward 
or downward. By the introduction of Te, it is possible 
to bring a valence band top energy position upward. In 
particular, an energy gap is increased by the 
introduction of Mg and a blue light transmi ttance is 
improved. Therefore, the material is useful for a blue 
light emitting device. Consequently, it is possible to 
form - an excellent hetero structure in which- a band- 
alignment and a refractive index is regulated. 
[0019] In the semiconductor material according to the 
invention, moreover, the semiconductor material 
contains at least one dopant selected from Cl, Br, I, 
Al, Ga and In as a compensation dopant and a concentration 



17 _ cm -3 



of the compensation dopant is 10 17 to 10 
(corresponding to 5 X 10"" to 0.5 at%). 

[0020] The details will be described in examples. As 
a result of our earnest studies, it has been found that 
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the Cu doped ZnS based semiconductor material has a 
feature that a volume resistivity is changed very greatly 
within a range of approximately lOQcm to 10" 1 Qcm with an 
increase in a Cu dopant concentration within a very small 
composition range of a = 0.004 to 0.01 (0.2 to 0.5 at%) 
and a change in the resistivity is very gentle with 
respect to a change in a composition in a region having 
a higher Cu dopant concentration as shown in Fig. 12. 

For this reason, in some cases in which a desirable 
volume resistivity is to be obtained in approximately 
10 to 10 _1 Qcm, for example, a precise composition control 
is required, that is, a has a value of ±0.0005, a 
compensation dopant is further doped simultaneously to 
the Cu doped ZnS based semiconductor material to finely 
regulate a carrier concentration in place of the precise 
control -of the-Cu dopant concentration in- order to obtain 
a desirable resistivity. The compensation dopant is at 
least one dopant selected from Cl, Br, I, Al , Ga and In 
and is constituted to have a compensation dopant 
concentration of 10 17 to 10 20 cm" 3 . As is known in relation 
to the ZnS based semiconductor, these compensation 
dopants have a high activation ratio which is almost close 
to 1 in the concentration region. In the case in which 
the compensation dopant is not doped, a carrier 
concentration obtained in a region having a Cu dopant 
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concentration oc = 0.004 to 0.01 is in order of a little 
less than 10 18 to 1 0 20 cm" 3 . For this reason, if a 
compensation dopant concentration for finely regulating 
the carrier concentration to have a desirable value is 
10 17 to 1 0 20 cm" 3 , the compensation dopant sufficiently 
satisfies a part for a fine regulation. 

[0021] More specifically, in the semiconductor material 
according to the invention, it is possible to regulate 
a resistivity by using a compensation dopant (a 
compensator) in addition to a Cu doping amount. For the 
compensation dopant, it is possible to utilize Cl, Br, 
I, Al, Ga and In which has conventionally been used as 
an n-type dopant for the ZnS based semiconductor. The 
regulation of the resistivity is a technique which can 
be utilized for regulating a carrier balance and 
adjusting- a hole - electron recombination position when- 
a .homo junction to an n-type or intrinsic ZnS based 
semiconductor and a heteroj unction to another 
semiconductor material are formed to constitute a 
semiconductor device . 

[0022] In the semiconductor material according to the 
invention, furthermore, the semiconductor material has 
a light absorption coefficient of 5 x 10 5 cm" 1 or less 
at 470 nm to 750 nm . By this structure, the semiconductor 
material can be effectively applied as a transparent 
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semiconductor material in a visible region. 
[0023] In the semiconductor material according to the 
invention, moreover, a volume resistivity of the 
semiconductor material is equal to or higher than 10" 4 Qcm 
and is lower than 10~ 3 Qcm. 

By this structure, the semiconductor material can 
be applied, as a p-type semiconductor or a hole injecting 
electrode layer, to a semiconductor device. 
[0024] In the semiconductor material according to the 
invention, furthermore, a carrier concentration of the 
semiconductor material is equal to or higher than 10 15 
cm" 3 and is lower than 1 0 22 cm" 3 . 

By this structure, the semiconductor material can 
be effectively applied, as a p-type semiconductor or a 
hole injecting electrode layer, to a semiconductor 

• - device - • 

[0025] In the semiconductor device according to the 
invention, moreover, the semiconductor material is 
partially used. In the semiconductor device according 
to the invention, furthermore, the semiconductor 
material is used as a hole injecting electrode. 
[0026] In the semiconductor device according to the 
invention, furthermore, the semiconductor device is a 
semiconductor light emitting device. The semiconductor 
material according to the invention is excellent in a 
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transparent property in a visible region and is suitable 
for a material to be used in the semiconductor light 
emitting device. 

[0027] * In the semiconductor device according to the 
invention, moreover, the semiconductor material 
constitutes a hole injecting electrode layer in an 
amorphous phase or a polycrystal phase. 

By this structure, the characteristics of the hole 
injecting electrode can be sufficiently obtained without 
a single crystal. Therefore, it is possible to fabricate 
the semiconductor device without a restriction on a 
substrate or a under-layer in the formation of a film. 
More specifically, glass and plastic can also be used 
as substrate materials, for example, and the selection 
range of the material of the semiconductor device can 
be increased great ly . Moreover, the-glass or- the plastic 
can be used as the substrate material. Consequently, it 
is also possible to manufacture a semiconductor device 
having a large area. 

[0028] In addition, the semiconductor device according 
to the invention has a light emitting layer in an 
amorphous phase or a polycrystal phase. 

By this structure, it is possible to obtain a 
semiconductor device which can easily be fabricated 
without a restriction on a substrate or a under-layer 
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in the formation of a film. 

[0029] Since the semiconductor material according to 
the invention has a low resistance, it serves as a 
functional layer such as a buffer layer provided between 
an electrode layer and an active layer in addition to 
the hole injecting electrode so that an efficient 
semiconductor device can be formed. The semiconductor 
device indicates various semiconductor device such as 
an LED, an LD, a solar cell and a sensor which have 
conventionally been known as techniques for applying the 
semiconductor material . 

Moreover, there is no problem of a deterioration 
in a unit which is caused by the generation of Joule heat 
seen in a ZnSe/ZnTe MQW structure. Therefore, it is 
possible to obtain a unit which is excellent in a stable 
- for • a - long period of time. - 

Effect of the Invention 

[0030] The semiconductor material according to the 
invention is a p-type ZnS based semiconductor material 
having a transparent property and a low resistance and 
is a p-type semiconductor material which can easily be 
fabricated without selecting a substrate as a polycrystal 
material or an amorphous material without a limitation 
to a single crystal. Furthermore, there is provided a 
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low resistance p-type ZnS based semiconductor material 
which is very effective for the hole injecting electrode 
material and can easily form an ohmic contact to a general 
wiring material. Moreover, there are provided a 
semiconductor device having a low resistance and a 
semiconductor light emitting device having a long 
lifetime which use the same semiconductor material. 

Brief Description of the Drawings. 

[0031] Fig. 1 is a view showing a semiconductor light 
emitting device according to a first embodiment of the 
invention . 

Fig. 2(a) to 2(e) are the views showing a process 
for manufacturing the semiconductor light emitting 
device according to the first embodiment of the 
invention-. - ■ ■■ 

Fig. 3 is a chart showing a voltage - current curve 
of the semiconductor light emitting device according to 
the first embodiment of the invention. 

Fig. 4 is a chart showing a light emission spectrum 
of the semiconductor light emitting device according to 
the first embodiment of the invention. 

Fig. 5 is a view showing a semiconductor material 
according to a second embodiment of the invention. 

Fig. 6 is a view showing a semiconductor light 
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emitting device according to a third embodiment of the 
invent ion . 

Fig, 7 is a chart showing a transmission spectrum 
of a semiconductor material according to an example 1, 
an example 2 and an example 5 of the invention. 

Fig. 8 is a chart showing a voltage - current curve 
of the semiconductor material according to the example 
1 of the invention. 

Fig. 9 is a chart showing a transmission spectrum 
of the semiconductor material according to an example 
15 of the invention. 

Fig. 10 is a chart showing a voltage - current curve 
of a semiconductor light emitting device according to 
an example 26 of the invention. 

Fig. 11 is a chart showing an EL spectrum of the 

semiconductor light emitting device according to the - 

example 26 of the invention. 

Fig. 12 is a chart showing a volume resistivity with 
respect to a Cu doping amount of a Cu doped ZnS based 
semiconductor material according to the invention. 

Explanation of Designations 
[0032] 11 substrate 

12 ITO 

13 p-type electrode layer (hole injecting 
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electrode layer) 

14 light emitting layer 

15 n-type electrode layer (electron injecting 
electrode layer) 

16 nona-crystal 

17 electrode layer 

18 electrode 

21 substrate 

22 film formed by Cu doped p-type ZnS based 
semi conductor material 

31 n-type ZnSe substrate 

32 N-doped p-ZnSe layer 

33 Cu doped p-type ZnSe layer 

34 Au electrode 

35 In electrode 



Best Mode for Carrying Out the Invention 
[0033] Embodiments of the invention will be described 
below . 

(First Embodiment ) 

A light emitting diode is characterized in that a 
Cu doped ZnSe thin film is used as a hole injecting 
semiconductor layer (p-type semiconductor layer) 13 as 
shown in Fig. 1. More specifically, the light emitting 
diode is obtained by forming an ITO thin film 12 (a 
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thickness of 300 nm) as a transparent electrode on a 
substrate 11 constituted by a non-alkali glass substrate, 
on which a Cu doped ZnSe thin film in a thickness of 300 
nm is deposited, for example, as the hole injecting 
semiconductor layer (p-type semiconductor layer) 13, on 
which a ZnSe based amorphous semiconductor as a light 
emitting layer 14 (a thickness of 30 nm) is formed, , 
where a nano-crystal colloid 16 with a core shell 
structure having InP as a nucleus and ZnSe as a shell 
is dispersed, and furthermore, depositing a 
polycrys talline thin film of an electron injecting 
semiconductor layer (n-type semiconductor layer) 15 (a 
thickness of 500 nm) having a conductivity on the light 
emitting layer. 

According to this structure/ a p-type semiconductor 
material constituting the hole in j ecting- semiconductor 
layer is a transparent substance. Therefore, it is 
possible to implement a light emitting diode having a 
high light emission efficiency. For example, a Cu doped 
ZnSe thin film having a carrier concentration of 1 X 10 19 
cm -3 or more is suitable. An electrode 17 such as Al may 
be formed on the electron injecting semiconductor layer 
15. An electrode 18 and the electrode layer 17 such as 
Al are formed on the ITO and the electron injecting 
semiconductor layer 15, and a power is supplied to the 
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hole injecting semiconductor layer 13 by means of the 
electrode 18 such as Al which is formed on the ITO, while 
a power is supplied to the electron injecting 
semiconductor layer 15 by means of the electrode 17 such 
as Al . 

[0034] Next, description will be given to a method of 
manufacturing the semiconductor light emitting device. 

ZnSe was selected as a simultaneous bipolar 
semiconductor for forming the light emitting layer. A 
non-alkali glass substrate having an ITO thin film was 
introduced as the glass substrate 11 for forming a film 
into a molecular beam epitaxy (MBE) film forming vacuum 
device (manufactured by EIKO ENGINEERING CO., LTD, back 
pressure : 5 x 10" 10 Torr) and was held on a substrate 
holder (Fig. 2 (A) ) . 

- [0035] As shown -in Fig. 2 (b) , next, - the temperature of - 

the substrate was raised to 300°C and was left for 15 
minutes. The molecular beam of each of components was 
effused from a Zn cell, an Se cell and a Cu cell, and 
a p-type semiconductor layer formed by a ZnSe 
polycrystalline thin film having a p-type by Cu doping 
was deposited in a thickness of 300 nm . 

[0036] As shown in. Fig. 2(c), subsequently, the 
molecular beam of each of components was discharged from 
the Zn cell, the Se cell and a cell filled with a third 
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component to form a ZnSe based amorphous phase. At this 
time, a ZnSe coating InP nano-crystal dispersed in an 
organic solvent as the third component (a diameter of 
2.5 nm, a ratio (CV value) of a particle size standard 
deviation to a particle size mean value of 10%) was 
simultaneously discharged as a molecular beam by an 
electrospray method and the three molecular beams were 
irradiated on the substrate together, and a ZnSe thin 
film having an InP nano-crystal dispersed therein was 
formed in a thickness of 30 nm . 

[0037] As shown in Fig. 2(d), finally, the molecular 
beam of each of components was discharged from the Zn 
cell, the Se cell and a ZnCl 2 cell and a ZnSe thin film 
having an n type was deposited in a thickness of 500 nm . 
[0038] As shown in Fig. 2(e), furthermore, the 
electrodes -17 -and -18 which are cons tituted by -Al -were 
formed in a thickness of 50 nm by a heating evaporation 
method . 

[0039] When a voltage was applied between the electrode 
17 and the electrode 18 in the light emitting diode shown 
in Fig. 1 thus formed, an excellent non-linear curve was 
obtained. A turn-on voltage corresponds to a forbidden 
band width of ZnSe to be a simultaneous bipolar 
semiconductor material in the vicinity of 3 V. Moreover, 
a wavelength of 525 nm has a sharp light emission (green) 
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as shown in a voltage - current curve in Fig. 3 and a 
light emission spectrum in Fig. 4, and it was confirmed 
that the light emitting diode according to the invention 
effectively fulfils the function. 
[0040] (Second Embodiment) 

Next, description will be given to a second 
embodiment of the invention. 

In the following embodiment, the property of a film 
will be subjected to an experiment and will be considered 
in detail . 

By using each of high-purity raw materials (purity 
of 99.9999 %) of Zn, Se and Cu, a film is formed on an 
insulating ZnSe substrate 21 (a volume resistivity of 
10 8 Qcm or more, a surface orientation (111)) by a 
resistance heating type vacuum deposition apparatus as 
■shown— in- Fig , 5 . -At this time , the- temperature of each 
raw material is set to be 250 °C, 150°C and 1050 °C 
respectively, and at the same time, evaporation is 
carried out over the substrate 21 to deposit a film having 
a desirable composition. The film thus obtained is 
subjected to a post annealing treatment at 400°C for 5 
minutes in a nitrogen gas atmosphere by using a lamp 
heating furnace, thereby forming a film 22 having a 
thickness of 0.4um. 

This film is observed by an X-ray diffraction method . 
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Consequently, the same diffraction line as zincblende 
type ZnSe having a (111) orientation is obtained. By the 
confirmation of a composition through an ICP analysis, 
it is found that Zn, Cu and Se are contained in 45.5 at%, 
4.5 at* and 50 at*. According to an SEM observation, 
moreover, these films are polycrystals having particle 
sizes of 1 to 5 ]im . 

[0041] The resistivity of this film is observedby a four 
probe method. As a result, the resistivity is 0.008Qcm 
which is very low. Moreover, the Seebeck effect 
electromotive force is observed. Consequently, it is- 
confirmed that a negative electromotive force 
(approximately -0.1 mV) is obtained for a positive 
temperature difference (+5 degrees) and this film has 
a p-type conductivity. Two films for each of Au, Al and 

ITO -are formed on this film by a sputter ing -method, and 

a current - voltage characteristic between electrodes 
(that is, between Au and Au, Al and Al , and ITO and ITO) 
is confirmed. Consequently, it is confirmed that an 
ohmic contact having no threshold voltage is formed in 
any case. Moreover, a light t ransmi ttance is confirmed. 
As a result, a remarkable absorption cannot be seen in 
at least 2.2pm with a wavelength of 460 nm or more which 
is the absorption edge of the substrate, and a 
transmit tance of 25% or more is obtained. An absorption 
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coefficient is estimated to be 4 x 10 4 cm" 1 at a maximum. 
[0042] (Third Embodiment) 

Next, description will be given to a third 
embodiment of the invention. 

As shown in Fig. 6, an n-type ZnSe substrate 31 (Ga 
doped, a volume resistivity which is equal to or lower 
than lO^Qcm, surface orientation (111)) is used to form 
an N-doped p-ZnSe layer 32 (a carrier concentration of 
2 x 10 17 cm" 3 ) in a thickness of approximately lpm on the 
substrate by an MBE method. In the same manner as in the 
second embodiment, Cu doped ZnSe is formed on this film 
by an evaporation and a p-type ZnSe layer 33 is formed 
to carry out post annealing. Furthermore, an Au 
electrode 34 having a diameter of 1 mm is attached in 
a thickness of approximately 100 nm to this film by a 

vacuum- evaporation method. - - 

Moreover, an electrode 35 formed of In is attached 
to the back face of the n-type ZnSe substrate 31 and a 
current - voltage characteristic between the Au electrode 
and the In electrode is observed. Consequently, it is 
possible to obtain a rectifying property in which a 
current rises at a forward bias of approximately 3V or 
more (the Au electrode is set to be a. positive electrode) . 
When a voltage which is equal to or higher than the forward 
bias is applied, moreover, it is possible to obtain a 



27 



light emission having a peak wavelength of 465 nm and 
a light emission having a broad spectrum in a peak 
wavelength of 600 nm . Even if this device is driven for 
1000 hours by a constant current operation of 20 mA, a 
decrease in a light emission intensity is not observed. 
Example 

[0043] (Examples 1 to 5) 

In order to form a semiconductor material according 
to the example of the invention, a film was formed by 
a resistance heating type vacuum evaporation on an 
insulating ZnSe substrate (a volume resistivity of 10 8 Qcm 
or more, a surface orientation (111)) by using each of 
high purity raw materials of Zn, Se and Cu (a purity of 
99.9999%) . The temperatures of the raw materials of Zn 
and Se were set to be 250°C and 150°C. The temperature 
of the raw material of Cu was set to be -9-2 5 to - 1 1 0 0°G . ■ 
These raw materials were evaporated on the substrate at 
the same time to deposit a film having a desirable 
composition. A Cu concentration (composition) obtained 
by a change in the temperature of the raw material of 
Cu was varied. The film thus obtained was subjected to 
a post annealing treatment at 400°C for 5 minutes in a 
nitrogen gas atmosphere by using a lamp heating furnace 
so that a film having a thickness of 0.3 to 0.4 pm was 
obtained. 
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This film was observed by an X-ray diffraction (XRD) 
method. Consequently, the same diffraction line as 
zincblende type ZnSe having an orientation (111) could 
be obtained. According to an SEM observation, these 
films were polycrystals having particle sizes of 1 to 
5 jam. Moreover, the composition of this film was 
confirmed by an ICP analysis . Consequently, it was found 
that Zn, Se and Cu are contained in amounts shown in Table 
1, respectively. For example, in the example 1, Zn, Se 
and Cu were 45.5 at%, 50.0 at% and 4.5 at% respectively. 
In the case in which this is expressed in a composition 
formula of Zn ( i- a -p- Y) Cu a ApB Y S (1 - x . y )Se x Te y/ a = 0.99, P - Y 
= 0, x = 1 and y = 0 are obtained. Compositions in other 
examples are also shown in the Table 1 in the same manner. 
When the temperature of the raw material is higher, the 
vapor pressure of the raw material is -higher,- - As a result, 
the Cu concentration of the film which is obtained is 
increased. The resistivity of the film was observed by 
a four probe method. Consequently, it was found that the 
resistivity is 0.5 to 0. 00 0 8Qcm which is very low as shown 
in the Table 1. Moreover, the Seebeck effect 

electromotive force was observed. Consequently, it was 
confirmed that a negative electromotive force is obtained 
with respect to a positive temperature difference and 
the film has a p-type conductivity. Transparent 
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characteristics in examples 1, 2 and 5 are shown in curves 
a, b and c in Fig. 7. A remarkable absorption could not 
be seen in at least 2 . 2ym with a wavelength of 460 nm 
or more which is the absorption edge of the substrate, 
and a transmi ttance of 25% or more was obtained. An 
absorption coefficient was estimated to be 4 x 10 4 cm" 1 
at a maximum in this wavelength region. 

Two films for each of Au, Al and ITO (a diameter 
of 1 mm, an interval of approximately 5 mm and a thickness 
of approximately 100 nm) were formed on the film according 
to the example 1 by a sputtering method, and a current 
- voltage characteristic between electrodes (that is, 
between Au and Au, Al and Al , and ITO and ITO) was 
confirmed. Consequently, it was confirmed that an ohmic 
contact having no threshold voltage is formed as shown 
in Fi-g.- - 8 -in any case . ■■- 

In this example, the films of Au, Al and ITO were 
formed by the sputtering method. Also in the case in 
which they are formed by a conventionally general purpose 
film forming method, that is, a vacuum evaporation method 
or a pulse laser deposition method, the same results can 
be obtained. While the post annealing was carried out 
in the nitrogen atmosphere, moreover, the same results 
can be obtained even if it is executed in another inert 
gas atmosphere or a vacuum. 
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[0044] (Comparative Examples 1 and 2) (Example 29) 

A Cu doped ZnSe film having a thickness of 0 . 4ym 
was obtained in the same manner as that in the example 
1 except that the temperature of a Cu raw material was 
set to be 875 °C (comparative example 1), 900 °C 
(comparative example 2) and 1150°C (example 29) to change 
a Cu concentration. According to an ICP analysis and an 
SIMS analysis (secondary ion mass spectrometry) , the 
respective films had Cu concentrations shown in the Table 
1. According to an SEM observation, these films 
according to the comparative example 1, the comparative 
example 2 and the example 29 were polycrystals having 
particle sizes of 1 to 5 ym . According to an XRD method 
analysis, the same diffraction line as zincblende type 
ZnSe having an orientation (111) was obtained from the 
films according to the comparative example 1 and the 
comparative example 2. Moreover, the Seebeck 

electromotive forces of the films according to the 
comparative example 1 and the comparative example 2 were 
measured. As a result, it was confirmed that this film 
is not a p-type semiconductor. It was found that a 
resistivity also has a very great value as shown in the 
Table 1. Moreover, a light transmit tance according to 
each of the comparative example 1 and the comparative 
example 2 was observed. As a result, a remarkable 
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absorption could not be seen in at least 2 . 2\im with a 
wavelength of 460 nm or more and a transmi ttance of 35% 
or more was obtained. More specifically, an absorption 
coefficient in this wavelength region is estimated to 
be 3 x 10 4 cm" 1 at a maximum. 

[0045] Moreover, it was found that the film according 
to the example 29 has a dark brown color and a great 
absorption is present in a visible region. According to 
the XRD method analysis, it was found that a diffraction 
line to be identified with CuSe and Cui. 8 Se is obtained 
from the film according to the example 29 in addition 
to the same diffraction line as the zincblende type ZnSe 
having the (111) orientation, and the film is constituted 
by a ZnSe crystal phase and a CuSe and Cui. B S'e crystal 
phase. It has been known that CuSe and Cui. 8 Se exhibit 

- a- low resistance -p-type semi conduct or -char act eristic • - 

Referring to the film according to the example 29 which 
is formed of CuSe and Cui. 8 Se, the Seebeck electromotive 
force was measured. As a result, it was confirmed that 
this film has a p-type semiconductor characteristic. 
Furthermore, a resistivity also had a very small value 
of 0.0005Qcm as shown in the Table 1. More specifically, 
it was found that the film does not have a single phase 
and is hard to obtain a transparent property but has the 
characteristic of the p-type semiconductor with a very 
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low resistance. Two films for each of Au, Al and ITO were 
formed on this film respectively by a sputtering method, 
and a current - voltage characteristic between electrodes 
was observed. Consequently, it was found that all of 
them form an ohmic contact. Therefore, the film is 
useful as long as the feature is utilized. 



[TABLE 1] 





Example 1 


Example 2 


Example 3 


Example 4 




Zn(at%) 


45.5 


49.7 


46 


44 


Se(at%) 


50 


60 


50 


50 


Cu(at%) 


4.5 


0.3 


2 


5 


Total(at%) 


100 


100 


100 


100 


a 


0.09 


0.006 


0.04 


0.12 




0 


0 


0 


0 


r 


0 


0 


0 


0 


X 


1 


1 


1 


1 


Y 


0 


0 


0 


0 


ResistivityC Q cm) 


0.008 


0.5 


0.15 


0.02 


Carrier 

Concentration(cm-3) 


2.00E+20 


7.50E+19 


1.20E+20 


1.50E+20 




Example 5 


Comparative 
Example 1 


Comparative 
Example 2 


Example 
29 


Zn(at%) 


35 


49.9 


49.95 


30 


1 Se(at%) 


50 


50 


50 


50 


Cu(at%) 


15 


0.1 


0.05 


20 


Total(at%) 


100 


100 


100 


100 


a 


0.3 


0.002 


0.001 


0.4 




0 


0 


0 


0 


r 


0 


0 


0 


0 


X 


1 


1 


1 


1 


Y 


0 


0 


0 


0 


Resistivity( Q cm) 


0.0008 


1000 


10000 


0.0004 


Carrier 

Concent ration(cm-3) 


3.00E+20 


2.00E+17 


1.00E+16 


7.20E+20 
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[0046] (Examples 6 to 10) 

Next, description will be given to examples 6 to 
10 according to the invention. 

A Cu doped ZnSe film was formed in the same manner 
as that in each of the examples 1 to 5 except that a 
non-alkali glass (manufactured by Corning Co., Ltd. 
#7059) was used as a substrate. According to an SEM 
observation, this film was a polycrystal having a 
particle size of 1 to 5 By an observation carried 

out through an X-ray diffraction (XRD) method, the same 
diffraction line as zincblende type ZnSe having an 
orientation (111) was obtained from all of these films. 
A composition was confirmed by an ICP analysis. As a 
result, the content of Cu had a concentration (0.8 to 
13 at%) which is almost equal to that in each of- the 
examples 1 to 5 as shown in Table 2. For example, in the 
example 9, Zn, Se and Cu were 43.0 at%, 50.0 at% and 7.0 
at%, respectively. In the case in which this is 
expressed in a composition formula of 

Zn ( i- a -p- Y) Cu a ApB Y S ( i- x -y)Se x Te y , a = 0.14, p = y = 0, x = 1 
and y = 0 are obtained. Compositions in other examples 
are also shown in the Table 2 in the same manner . Moreover, 
it was found that all of the films have a p-type 
conductivity by the Seebeck effect electromotive force. 
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Furthermore, it was found that each of the films has a 
resistivity of 5 to O.OOlSQcm and has a low resistance. 
In addition, a transparent property was observed. As a 
result, a remarkable absorption could not be seen in at 
least 2.2|jm with a wavelength of 4 60 nm or more, and a 
transmittance of 25% or more was obtained. More 
specifically, an absorption coefficient in this 
wavelength region is estimated to be 5 x 10 4 cm' 1 at a 
maximum. In addition, two films for each of Au , Al and 
ITO were formed on the film by sputtering, and a current 
- voltage characteristic between electrodes was 
confirmed. Consequently, it was found that an ohmic 
contact is formed in any case. 



[Table 2] 





Example 6 


-Example 7 


• Example 8 


Example 9 


Example 
10 


Zn(at%) 


45.5 


49.2 


48 


43 


37 


Se(at%) 


50 


60 


50 


50 


50 


Cu(at%) 


4.5 


0.8 


2 


7 


13 


Total(at%) 


100 


100 


100 


100 


100 


a 


0.09 


0.016 


0.04 


0.14 


0.26 


0 


0 


0 


0 


0 


0 


r 


0 


0 


0 


0 


0 


X 


1 


1 


1 


1 


1 


y 


0 


0 


0 


0 


0 


Resistivity( Q cm) 


0.02 


5 


0.2 


0.02 


0.0015 


Carrier 

Concentration(cm-3) 


5.00E+19 


9.00E+18 


6.00E+19 


6.50E+19 


5.00E+20 



[0047] (Examples 11 to 15) 
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Next, description will be given to examples 11 to 
15 according to the invention. 

A film was formed in the same manner as that in the 
example 6 except that high purity S (a purity of 99.9999 % ) 
was used as an S raw material and was supplied from an 
evaporation source having a cracking cell, and S was 
further doped. The temperatures of S and Se raw 
materials were set to be 80 to 110°C and 125 to 150°C, 
respectively. It was confirmed that the film thus 
obtained is a p-type semiconductor by the Seebeck effect 
electromotive force. As shown in Table 3, a Cu 
concentration was 4 . 2 to 7 at* and an S concentration 
was. set to be 20 to 50 at* (y = 0.4 to 1, Z = 0). For 
example, in the example 11, Zn, S, Se and Cu were 45.5 
at*, 20.0 at*, 30.0 at* and 4.5 at*, respectively. In 
the- case in which this is expressed- in a composition 
formula of Zn ( i- a -p- Y > Cu a A p B Y S <i- x -y> Se x Te y , a = 0.09, p = y 
= 0, x = 0.6 and y = 0 are obtained. Compositions in other 
examples are also shown in the Table 3 in the same manner. 
Moreover, it was found that all of the films have a low 
resistivity of 5 to 0. 0 5Qcm . According to an observation 
carried out through an XRD method, it was found that all 
of the films are formed of a zincblende type crystal 
having an orientation (111) . Referring to the 

transmission spectrum of the film according to the 
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example 15, moreover, a- remarkable absorption could not 
be seen in at least 2 . 2\im with a wavelength of 460 nm 
or more, and a transmi ttance of 50% or more was obtained 
as shown in Fig. 9. More specifically, an absorption 
coefficient in this wavelength region is estimated to 
be 3 x 10 4 cm" 1 at a maximum. Furthermore, it was 
confirmed that a t ransmi ttance within a wavelength range 
of 4 60 nm or less is higher than that in an example in 
which S is not included. According to an SEM observation, 
these films were polycrystals having particle sizes of 
1 to 5 vim. Two films for each of Au, Al and ITO were formed 
on the film by sputtering, and a current - voltage 
characteristic between electrodes was confirmed* 
Consequently, it was found that an ohmic contact is formed 
in any case. 



[Table 3] 





Example 11 


Example 12 


Example 13 


Example 14 


Example 15 


Zn(at%) 


45.5 


45.8 


45.2 


43.7 


43 


S(at%) 


20 


30 


50 


45 


25 


Se(at%) 


30 


20 


0 


5 


25 


Cu(at%) 


4.5 


4.2 


4.8 


6.3 


7 


Total(at%) 


100 


100 


100 


100 


100 


a 


0.09 


0.084 


0.096 


0.126 


0.1 4 




0 


0 


0 


0 


0 


r 


0 


0 


0 


0 


0 


X 


0.6 


0.4 


0 


0.1 


0.5 


y 


0 


0 


0 


0 


0 


Resistivity( Q cm) 


0.05 


0.12 


5 


2 


0,3 


Carrier 

Concent ration(cm-3) 


5.00E+19 


2.20E+19 


1.00E+19 


1.00E+19 


1.30E+19 
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[0048] (Examples 16 to 21) 

Next, description will be given to examples 16 to 
21 according to the invention. 

A film was formed in the same manner as that in the 
example 1 except that Mg, Cd and Te were further doped 
to an evaporating raw material. The temperatures of the 
raw materials of Mg, Cd and Te were set to be 500 to 600°C, 
550 to 675°C, and 260 to 310°C. By an observation carried 
out through an XRD method, it was found that all of the 
films thus obtained are of a zincblende type having a 
(111) orientation. According to an S EM observation, 
these films were polycrystals having particles sizes of 
1 to 5 urn. Moreover, it was confirmed that the films are 
p-type semiconductors by the Seebeck effect 
electromotive force. By an ICP analysis, it was 
confirmed that a composition shown in Table 4 is set. 
For example, in the example 16, Zn, Mg, Se and Cu were 
42.5 at%, 5 at%, 50.0 at%, and 2.5 at%, respectively. 
In the case in which this is expressed in a composition 
formula of Zn ( i- a -p-Y)Cu„ApB Y S(i-x-y)Se x Te y , a =0.05, (3 = 0.1, 
Y = 0, x = 0 and y = 0 are obtained. Compositions in other 
examples are also shown in the Table in the same manner. 
Moreover, it was found that the films have a low 
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resistivity of lQciti or less. 

A transparent property was observed. As a result, 
a remarkable absorption could not be seen in at least 
2.2pm with a wavelength of 4 60 nin or more, and a 
t ransmi ttance of 20% or more was obtained. An absorption 
coefficient in this wavelength region is estimated to 
be 6 x 10 4 cm" 1 at a maximum. Two films for each of Au, 
Al and ITO were formed on the film by sputtering, and 
a current - voltage characteristic between electrodes 
was confirmed. Consequently, it was found that an ohmic 
contact is formed in any case. 



[Table 4] 





Example 1 6 


Example 17 


Example 18 


Example 19 


Example 20 


Example 21 


Zn(at%) 


42.5 


37 


40.2 


36.5 


45.5 


45 


Mg(at%) 


5 


8 










Cd(at%) 






5 


9 






Cu(at%) 


2.5 


5 


- 4:8 


4.5 


4:5 


5 


Se(at%) 


50 


50 


50 


50 


45 


41.5 


Te(at%) 










5 


8.5 


Total(at%) 


100 


100 


100 


100 


100 


100 


a 


0.05 


0.1 


0.096 


0.09 


0.09 


0.1 


P 


0.1 


0.16 


0 


0 


0 


0 


r 


0 


0 


0.1 


0.18 


0 


0 


X 


0 


0 


0 


0 


0 


0 


y 


0 


0 


0 


0 


0.1 


0.17 


Resistivity( Q cm) 


0.32 


0.65 


0.15 


0.25 


0.08 


0.052 


Carrier 

Concentration(cm-3) 


3.20E+1 9 


1.20E+19 


2.00E+19 


4.20E+19 


2.50E+20 


6.00E+20 



[0049] (Examples 22 to 25) 

Next, description will be given to examples 22 to 



39 



25 according to the invention. 

A film was formed in the same manner as that in the 
example 1 except that Al , Ga, In and CI were doped in 
addition to Cu respectively. For the dopant of Al , Ga 
and In, each of high purity materials (a purity of 
99.9999%) of Al, Ga and In was utilized as an evaporation 
source (the temperatures of raw materials were 650°C, 
600 °C and 575 °C, respectively). ZnCl 2 (a purity of 
99.999 %) was used as a CI adding raw material and a 
holding temperature thereof was set to be 320°C. In 
addition to Zn, Se and Cu, these raw materials were 
evaporated on a substrate at the same time, thereby 
depositing a film having a desirable composition. Each 
of the raw materials of Al , Ga, In and ZnCl 2 is doped in 
a very small amount. Therefore, a precise temperature 
control- (a temperature- deviation ±-0, 5%,- -a- P-ID control ) 
was carried out. According to an ICP analysis, each of 
the concentrations of Zn, Cu and Se was the same as that 
in the example 1. According to an SIMS analysis, the 
concentrations of Al, Ga, In and CI were 8 x 10 19 cm" 3 , 
3.5 x 10 19 cm" 3 , 5 x 10 19 cm" 3 and 9 x 10 19 cm" 3 , respectively. 
According to an XRD observation, the same diffraction 
line as zincblende type ZnSe having a (111) orientation 
was obtained. According to an SEM observation, moreover, 
all of these films were polycrystals having particle 
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sizes of 1 to 5 \xm . By the Seebeck effect electromotive 
force, it was confirmed that all of these films are p-type 
semiconductors. These resistivities were 250Qcm, 27Qcm, 
38Qcm and 920Qcm, respectively. In these films, a 
remarkable absorption could not be seen in at least 2. 2pm 
with a wavelength of 4 60 nm or more, and a tr ansmi ttance 
of 20% or more was obtained. More specifically, an 
absorption coefficient in this wavelength region is 
estimated to be 6 x 10 4 cm" 1 at a maximum. Two films for 
each of Au, Al and ITO were formed on the film by 
sputtering, and a current - voltage characteristic 
between electrodes was confirmed. Consequently, it was 
found that an ohmic contact is formed in any case. 
[0050] (Example 26) 

Next, description will be given to an example 26 
•according to the ■ -invention. - 

An n-type ZnSe substrate (Ga doped, a volume 
resistivity which is equal to or lower than 10' 1 Qcm, 
surface orientation (111)) was used to form N-doped 
p-ZnSe (a carrier concentration of 2 x 10 17 cm" 3 ) in a 
thickness of approximately lym on the substrate by an 
MBE method. In the same manner as in the first example, 
Cu doped ZnSe was formed on the film by an evaporation 
and was subjected to post annealing. Furthermore, an Au 
electrode having a diameter of 1 mm was attached in a 
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* (I 

thickness of approximately 100 nm to this film by a vacuum 
evaporation method. An In electrode was attached to the 
n-ZnSe substrate by means of an ultrasonic solder, and 
a current - voltage characteristic between the Au 
electrode and the Inelectrode was observed. There was 
obtained a rectifying property in which a current rises 
at a forward bias voltage of approximately 3V or more 
(the Au electrode is set to be a positive electrode) as 
shown in Fig. 10. When a higher voltage than the 
threshold voltage was applied, moreover, there was 
obtained a light emission having a peak wavelength of 
465 nm and a light emission having a broad spectrum in 
a peak wavelength of 600 nm as shown in Fig. 11. It can 
be supposed that a light emission of 4 65 nm is based on 
a recombination of a hole - an electron on a pn junction 
interface and a light emission of 600 nm-is a fluorescence 
of a substrate crystal which is optically pumped by .the 
light emission of 465 nm . 

The device was driven for 1000 hours by a low current 
operation of 20 mA. Consequently, a decrease in a light 
emission intensity from an initial intensity was not 
observed and it was confirmed that a stable operation 
can be obtained for a long time. 
[0051] (Example 27) 

Next, description will be given to an example 27 
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according to the invention. 

An n-type ZnSe substrate (Ga doped, a volume 
resistivity which is equal to or lower than 10 _1 Qcm, 
surface orientation (111)) was used as a substrate to 
form nondoped ZnSe in a thickness of approximately 50 
nm on the substrate by an MBE method. In the same manner 
as in the first example, Cu doped ZnSe was formed on the 
film by an evaporation and was subj ected to post annealing . 
Furthermore, an Au electrode having a diameter of 1 mm 
was attached in a thickness of approximately 100 nm to 
this film by a vacuum evaporation method. Consequently, 
a pn junction having a thin i-layer inserted therein is 
formed by the n-ZnSe substrate and p-type ZnSe. An In 
electrode was attached to the n-type ZnSe substrate by 
means of an ultrasonic solder, and a current - voltage 

character ist ic - between the Au electrode- and the In-- 

electrode was observed. Consequently, there was 
obtained a rectifying property in which a current rises 
at a forward bias voltage of approximately 3V or more 
(the Au electrode is set to be a positive electrode) in 
the same manner as shown in Fig. 10. When a higher voltage 
than the threshold voltage was applied, moreover, there 
was obtained a light emission having the same spectrum 
as that in Fig. 11. Furthermore, the device was driven 
for 1000 hours by a low current operation of 20 mA . 
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Consequently, a decrease in a light emission intensity 
from an initial intensity was not observed and it was 
confirmed that a stable operation can be obtained for 
a long t ime . 
[0052] (Example 28) 

Next, description will be given to an example 28 
according to the invention. 

A film of Cu doped ZnSe was formed in a thickness 
of 0.2vim by an evaporation in the same manner as in the 
example 6 except that the temperature of a substrate in 
the formation of a film was set to be 125°C and post 
annealing using a lamp heating furnace was not carried 
out. By an observation using an XRD method, only a broad 
halo pattern having no diffraction peak was obtained. 
For this reason, it was found that this film is a thin 

film formed -by a • microorystal- (a particle- size-of 2 to 

3 nm or less) or an amorphous thin film from which a 
diffraction cannot be obtained by this method. Moreover, 
it was confirmed that a granular substance or a grain 
boundary cannot be observed from the film by the SEM 
observation, and the film is the amorphous thin film. 
Furthermore, a t r ansmi t t ance was measured. 
Consequently, a remarkable absorption could not be 
observed in at least 2 . 2\im with a longer wavelength than 
460 nm, and a t ransmi t tance of 20% or more was obtained. 
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More specifically, an absorption coefficient in this 
wavelength region is estimated to be 8 x 10 4 cm" 1 at a 
maximum. By a four probe method, it was found that this 
film has a resistivity of 4Qcm. By the Seebeck effect 
electromotive force, moreover, it was found that this 
film has a p-type conductivity. According to an ICP 
analysis, furthermore, the concentrations of Zn, Se and 
Cu were 44.0 at%, 5.0 at% and 51.0 at%, respectively. 
From the Hall measurement, moreover, it was found that 
a mobility has a value of approximately 0.05 cm 2 / (Vsec) 
and a carrier concentration has a value of approximately 
10 19 cm" 3 . 

[0053] (Example 30) 

A polycrys t alline n-type ZnSe. substrate (Ga doped, 
a volume resistivity which is equal to or lower than 2Qcm) 
-was -prepared- as - a - substrate . --- - 

This is obtained by carrying out a (Zn + Ga) melting 
bath dipping treatment (Ga/Zn = 0.15 (mole ratio), 950°C 
- 50 hours) to be an n-type resistance reducing treatment 
which has conventionally been known in relation to a ZnS 
based semiconductor material over a polycrystalline ZnSe 
substrate (manufactured by ICL Co., Ltd. in U.S.A.) 
fabricated by a CVD method and then polishing the surface. 
A film of Cu doped ZnSe was formed on the substrate by 
an evaporation in the same manner as in the example 1 
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and was subjected to post annealing. By an SEM 
observation, it was found that the film thus obtained 
is a polycrystal having a particle size of approximately 
1 to 2}im. An Al electrode having a diameter of 1 mm was 
attached in a thickness of approximately 50 nm onto the 
film by a vacuum evaporation method. In was attached to 
the n-type ZnSe substrate by means of an ultrasonic solder, 
and furthermore, a heat treatment was carried out in the 
nitrogen atmosphere at 350°C for 5 minutes. Thus, an In 
electrode was formed. A current- voltage characteristic 
between the Al electrode and the In electrode was observed. 
Consequently, there was obtained a rectifying property 
in which a current rises at a forward bias voltage of 
approximately 3.5 V or more (the Al electrode is set to 
be a positive electrode) . Thus, it was confirmed that 

the- device functions as a diode. - - 

Industrial Appl ic ability 

[0054] As described above, the semiconductor material 
according to the invention can be utilized as a low 
resistance p-type semiconductor material having a 
transparent property for a ZnS based material . Moreover, 
the semiconductor material can be utilized in a 
semiconductor device using the same. Furthermore, it is 
possible to utilize the semiconductor material in various 
semiconductor devices including a light emitting device 
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having a high efficiency and a long lifetime which use 
the same. 
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